Oxygen adsorption on vacuum treated Ti02 doped with vanadium results in the formation of O2 -species. It is argued that substitutional V 3+ ions act as electron donors. The oxygen radicals are stabilized in the neighbourhood of titanium ions. Depending on the oxygen pressure photoadsorption or photodesorption of oxygen is observed.
Introduction
It is well known that surface as well as bulk properties of solids can be drastically changed by the presence of structural defects. In particular the existence of surface anion vacancies formed upon vacuum reduction of metal oxides is regarded as a factor promoting the creation of stable radicals on these compounds [1] .
In the present paper results are described obtained upon oxygen adsorption on vacuum treated V 2 0 5 /Ti0 2 . The formation of radical oxygen species is demonstrated by means of ESR. Their behaviour upon illumination is investigated.
Experimental
Samples containing different vanadium concentrations were obtained by impregnation of Ti0 2 (anatase, optipur Merck) with suitable amounts of ammonium metavanadate solution (Merck, pro analysis). The preparations were calcinated in air at 250 °C for 2 hours and submitted to vacuum treatment (lO" 5 -10" 6 Torr) at 600 °C for different periods of time. After pre treatment in vacuo the samples were inserted into the ESR cavity while staying connected to a vacuum line equipped with greaseless stopcocks.
Oxygen was introduced to the samples at room temperature. The excess gas was pumped off down to 10~3 Torr and the ESR spectra were registered at 77 K using a Varian E-line Century Series ESR spectrometer model E-112 equipped with an optical transmission cavity type E-234. Further details are given elsewhere [2] .
Results
Undoped Ti0 2 submitted to vacuum treatment at 600 °C yields the spectrum shown in Figure 1 a. It consists of a strong line with <7 = 2.003 being attributed to electrons trapped at anion vacancies and a broad signal with g &v =1.96 due to Ti 3+ ions [3] . From samples containing vanadium the spectrum given in Fig. 1 after vacuum treatment at 600 °C for 2 hours after oxygen adsorption at room temperature, IQ" 2 Torr.
Illumination Experiments
The photoresponse of the radical signal upon illumination with light from a high pressure Xenon lamp depended on the oxygen pressure in the vessel. a) Residual oxygen pressure ~5x 10~4 Torr. In order to check whether the observed photoresponse is connected with the formation of excitons across the band gap, illumination experiments were carried out using cut-off filters. It was found that the photodesorption is connected with The formation of two paramagnetic species is detected (Fig. lb dashed line 
Oxygen Chemisorption
The room temperature chemisorption of oxygen on vacuum treated doped Ti02 containing 0.1 or 0.3at.% vanadium results in the formation of 0 2 -oxygen radicals (Fig. lb-insert) . From the simultaneous appearance of V 4+ ions at substitutional sites it is concluded that V 3+ ions were acting as electron donors to the adsorbed oxygen. The lack of hyperfine structure and the ^-values similar to those obtained for 02~ adsorbed on pure Ti02 [10] suggest, however, that the oxygen radicals are located in the neighbourhood of titanium rather than vanadium ions. A similar effect was observed for V2O5 supported on MgO [11] , where 0 2 -radicals created were stabilized on Mg 2+ ions. It is argued that the adsorptive properties of vanadium ions depend strongly on their coordination in the lattice. The octahedral surrounding, which exists in the V 2 0s/Ti02 as well as in the "V^Os/MgO systems prevents the stabilization of 0 2~ radicals at the dopant ions. On the other hand the tetrahedral coordination existing in the V20s/Si02 system provides suitable conditions for oxygen radicals to be stabilized on vanadium centers [12] .
Photobehaviour of the 0 S~ Radical
The illumination experiments demonstrated that, depending on the oxygen pressure in the vessel, an increase or a decrease in the 02~ absorption can be obtained. A similar observation is reported for pure Ti0 2 [13, 14] .
Assuming formally that O2 -is the only chemisorbed oxygen species, the following equations may be considered to relate the observed effects upon illumination to the oxygen pressure:
O2 (ads.) + e--> 0 2~,
0 2 -+ p+->0 2 ( a ds.).
Reactions ( The use of cut-off filters demonstrated that the photodesorption effect depends on the transition across the band gap. This is understandable since, according to (4), the photodesorption is due to the recombination of 0 2 -radicals with photoproduced holes. On the other hand the photoadsorption occurred in a much broader range of wavelengths. Thus it may be concluded that not only electrons from excitons, but also electrons from donor levels below the conduction band are effective in the formation of the 02~ species.
Conclusions
Adsorption of oxygen on vacuum treated vanadium doped Ti0 2 leads to the formation of 0 2~ radical species.
Electron transfer is discussed to occur from substitutional V 3 + non-Kramers centers turning them into V 4+ ions which become detectable in the ESR spectrum. The lack of hyperfine structure indicates that the oxygen radicals are stabilized on the titanium rather than on vanadium ions. Upon illumination at low oxygen pressure photodesorption of oxygen is observed, whereas at higher oxygen pressure the photoadsorption is favoured.
A cknovjledgement
One of the authors (E.S.) would like to express her gratitude to the Alexander von Humboldt Stiftung for a research grant.
